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Abstract: Population explosion in the cities has a direct impact on the space, 
environment and quality of life. The growing population in cities consumes more resources 
and generates more waste. In the past the size and the economic base of the city was limited 
and the cities ecological footprint remained relatively local, but today’s context is 
completely different from the past. Recently most of the megacities of the world 
particularly in the developing countries are under the phase of rapid expansion, 
globalization and development. The city’s population as a result bears the capacity to draw 
resources from far beyond its immediate region and have increasingly appropriated the 
carrying capacity of the rural region, with little apparent regard for the environment. 
Kolkata is one of the mega cities of the world, experiencing the huge population pressure. 
In this paper an attempt has been made to quantify the resources used by the Kolkata 
Metropolitan Area (KMA) and assess its impact with respect to the supply and demand. 
Here the case study of KMA has been shown where the basic need of the metropolitan 
areas population in terms of housing, water supply, food, and other welfare provision has 
been analyzed. This has been done to show the capacity of Kolkata Metropolitan Area to 
extract resources and study its impact on the environment. 
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I. INTRODUCTION 
Between 1950 and 1990, world population had doubled to five billions and 
at present is more than seven billions. The most interesting feature of this growth is 
that in 2008 more than half of this human population lived in urban areas and it is 
expected that by 2030 almost 5 billion people will be living in urban areas. 
Urbanization is increasing at a rapid rate and it has been predicted that by the end 
of this century majority of the world population will be living in cities. In 1800 
only 4% of the world population lived in urban areas and in 2006 this increased to 
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54%. Not only that are more people living in cities but the cities are themselves 
becoming larger.Urbanisation is usually seen as an economic or demographic 
phenomenon, but it also represents a human ecological transformation and cities 
and its inhabitants have an important impact on the environment. In fact, cities take 
up about 2% of the world’s available surface area and consume bulk of the key 
resources (Mitra and Sharma, 2002). Continuous population increase in urban areas 
requires a permanently increasing resource stream, energy supply chains and 
economic mechanism that support both new urban expansion and also maintain the 
existing urban areas. Because cities “appropriate” the ecological output and life 
support function of distant region it is also critical to recognize that no urban region 
can achieve sustainability on its own (Rees and Wackernagel, 1996). 
India is also experiencing rapid urbanization and her urban population has 
increased from 10.84% of the total population in 1901 to 31.16 % in 2011. The 
absolute numbers is quite high: in 2001 the urban population of India was about 
285 million, which increased to about 377 million in 2011. The absolute numbers, 
the shape and the physical pattern of urban growth are more important. The bulk of 
the urban population will live in metropolitan and urban agglomerations and its 
impact will be seen over space (in the form of increase in built up area and urban 
sprawl), on the environment, on water supply, sanitation, quality of life of the 
urban dwellers etc. 
This would imply the basic necessities for housing this increased 
population in urban areas has to be increased like housing, water supply, sanitation, 
power etc. This increase in amenities would imply increased use of resources for 
construction like cement, iron and steel etc. Thus, as the urban area expands its 
demand increases and to meet it the supply increases which uses more and more 
resources from the surrounding areas. Thus cities expand their ecological foot 
prints (Sivaramakrishan and Sarkar, 2011).  
This ecological foot print has been used to study the impact of cities 
beyond its boundary. Moffat refers to the “sustenance space of cities”, a concept 
that can be found in a 1917 study by Mark Jefferson of England’s urban 
geography. Jefferson does not use this actual term in his article, but the concept of 
English industrial cities depending upon imports from other parts of the planet is 
central to his analysis (McManus and Haughton, 2006). The ecological footprint, a 
comprehensive, science-basedresource accounting system that compares people’s 
use of nature with nature’s ability to regenerate, helps eliminate this blind spot 
(Wackernagel et al., 1996).  
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II. THE STUDY AREA 
The city of Calcutta (now Kolkata) originated around 1690 as a trading 
centre and today Kolkata and its metropolitan area known as Kolkata Metropolitan 
Area (KMA) has grown in size and population. The city’s area has increased from 
6.84 sqkms in 1706 to 187.33 sq.kms today, while KMA’s area which was 
conceived in 1965 with a total area of 1380 sq kms has increased to 1851 sq.kms 
(KMDA, 2005). The importance of KMA lies in the fact that it is the largest urban 
agglomeration of West Bengal occupying only 2.01% of the total area and 
accounting for 18.35% of the urban population of West Bengal. According to 2001 
Census, there were 115 towns in KMA, out of which 41 were statutory towns like 
Municipal Corporations and Municipalities and remaining 74 Census Towns. The 
last categories included areas that have pronounced urban characteristics but not 
enough to be constituted as statutory towns. Beside these there were 16 outgrowths 
which were defined as bulge of an urban unit and accommodate the spill over 
population of Kolkata but they did not fulfill the criteria as laid down in Census to 
qualify even as a Census Town. The urban settlement pattern may be viewed in 
terms of distribution of urban population in town size classes as well as 
differentials in the spatial distribution of towns over space. 
 Population trend and the growth pattern are one of the important 
demographic aspects that need to be considered in the study the population of 
KMA. Its population rose from 8.61 million in 1971 to 14.72 million in 2001 i.e 
1.7 times increase. Almost all the constituent units of KMA, except KMC, have 
experienced a higher rate of growth. So far as the decadal growth rate is concerned, 
the population of KMA has risen more or less at a constant rate, except in 1991-
2001, when the growth has declined to 16.46 % (Table 1). 
 
Table 1 Population of KMA (1971-2001) 
Year Population (in million) Density (person/sq.km) Decadal growth (%) 
1971 8.61 5596 - 
1981 10.49 5877 21.83 
1991 12.64 7081 20.48 
2001 14.72 8246 16.46 
 Source: Vision 2025, KMDA 
 The growth of urban population reveals a declining trend over last three 
decades. This trend is due to the policy of decentralized urban development giving 
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special attention to the small and medium towns. There is still some imbalance in 
the present distribution pattern and this should be improved in future. 
The urbanization in KMA in terms of demographic distribution pattern on 
administrative jurisdiction was based on census data and the nature of urban 
sprawl. This was also based on the land cover maps as obtained from the reports of 
“Monitoring Urban Sprawl” (MUS), for Kolkata Metropolitan area conducted in 
during 1989-1990. The spatial extent of urban sprawl of KMA is shown in table 3. 
It should be noted that in 1921 the total built up area was only 256 sq.km and given 
the dynamics of urban sprawl, the built up land shot up to 738.2 sq.km in 1990, 
experiencing an expansion of about 482 sq.km over a span of 68 years between 
1922 and 1990, meaning an average annual growth of more than 7 sq.km per year. 
Table 2. Rate of urbanization within KMA 
Year Urban population (in million) Level of urbanization (in %) 
1971 7.42 92.83 
1981 9.19 92.44 
1991 11.02 91.72 
2001 13.22 91.25 
Table 3 Spatial pattern of urbanization: urban sprawl of KMA (1921-1991) 
 Year Built up area (sq.km) Urban sprawl (sq.km) Annual growth (sq .km) 
1921 256.4 -  
1961 437.1 180.7 4.75 
1971 608.3 171.2 10.70 
1981 738.2 129.9 9.28 
1991 - - - 
Additional Built up area 481.8 7.08 
Source: Urban Land Use Studies of Kolkata, Space Application Center and KMDA, September 1991  
 
III. OBJECTIVE AND LIMITATIONS OF THE STUDY 
The main objectives of this study are: to quantify and catalogue the energy 
and materials consumed by the people of Kolkata Metropolitan Area and wherever 
possible map the flow of these resources (1); to calculate the ecological footprint of 
KMA by tracking the rate of demand and supply (2); to quantify the ecological 
sustainability and suggest the range of improvement policies and measures (3). 
However, the analysis is mainly based on the secondary data source. All 
types of data are not considered; only the vital ones like water supply, sewerage 
and drainage, traffic and transportation, housing and power supply with respect to 
demand are taken into consideration for analysis. Time constrain is one of the 
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factors for taking into account limited number of parameters. But although 
Ecological Footprint analysis is not a form of dynamic modeling and has no 
predictive capability, the method act as an ecological camera that produces a 
snapshot of  a population’s current demand on nature. For the planner such a 
snapshot can be useful means to compare development proposals and evaluate 
growth policies with reference to the environmental support that will be required to 
accommodate a given alternative.  
 
IV. METHODOLOGY 
Human impact on the planet’s ecosystems is significant and growing. 
During our lifetime these impacts would lead to the most significant problems 
facing the globe due to over consumption of natural resources directly or indirectly. 
This impact has been analyzed in this paper, while studying the present condition 
of KMA with respect to its past. The study related to Ecological footprint of KMA, 
can be adjudged by considering the following facts: 
- rapidly changing land-use of Kolkata, highlighting the removal of wetlands, 
open spaces and greenery;  
- rapidly increasing demand of water with respect to supply – quality of water 
which is supplied - sources of water supply in Kolkata; 
- increasing rate of Housing, keeping pace with the demand of increasing 
population and urban agglomeration; 
- increasing rate of traffic flow with increase in transportation is discussed with 
respect to  the increasing rate of fuel consumption; 
- increase in the level of power consumption is also studied; 
- increasing rate of food inflow will be studied which will access the increasing 
consumption rate per person.  
On the basis of the above mentioned parameter the extent of ecological foot print 
of KMA has been studied using the following method for calculating ecological 
footprint. This is based on three steps: 
- Correct consumption data for trade imports and exports for the item whose 
footprint is to be calculated: Consumption = production + import – export; 
- Convert the consumption data into land area required to produce them: A = 
C/Y, where, A = total ecological footprint in hectare of land; C = total 
consumption of the Product; Y = yield of the product per hectare; 
- Obtain the per capita ecological footprint (F) by dividing the total ecological 
footprint by the human population of the area (N): F = A/N 
 
 
LAKSHMI SIVARAMAKRISHAN 
126 
 
 
 
 V. RESULTS AND DISCUSSIONS 
V.1. Housing needs of KMA 
Kolkata Metropolitan Area has an estimated population of 14.96 million 
(2001), which is accommodated in 3.32 million households with an average of 4.5 
persons per household. As per population projection for 2025, the estimated 
population would be around 22.04 million and people could be accommodated in 
5.51 million households with an average of 4 persons per household in 5.46 million 
houses. The housing stock and estimated need for housing is shown in Table 4. 
However, the annual housing requirement does not truly reflect the effective 
demand for the prospective dwellers, which depends largely on the affordability of 
the people aspiring ownership or rented houses. 
  
Table 4 Housing stock and estimated need 
Particulars 1981 1991 2001 2011 2025 
Area (in sq.km) 1785 1785 1785 1785 1785 
Population (in Million) 10.40 12.52 14.96 17.70 22.04 
Household (in Million) 2 2.44 3.32 3.93 5.51 
Houses (in million) 1.93 2.41 3.28 3.89 5.46 
Ratio of Household to houses 1.04 1.01 1.01 1.01 1.01 
*Persons per Household 5.20 5.14 4.5 4.5 4 
Persons per houses 5.38 5.18 4.54 4.54 4.04 
Source: Kolkata Metropolitan Development Authority, KMDA (2001) 
 
The requirement of housing units can be described syntetichally. The 
number of housing unit by 1991 for 5.18 persons per house was 2.42 million. The 
number of additional housing units required between 1991 and 2001 for 4.5 
persons per house was assessed at 1.83 million. The number of additional housing 
units required between 2021 and 2025 for 4 persons per house was estimated at 
0.32 million. Therefore, the number of housing units required by 2025 will reach 
about 2.15 million and the annual requirement of housing unit will be about 0.09 
million up to 2025. 
 
V.2. Different types of environmental footprint 
Footprint for building materials required for construction of houses. 
The basic building materials required for construction purpose are cement, iron and 
steel bars, sand, stone chips, bricks, wood and timber.  The calculated consumption 
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rate and footprint of each of these commodities are shown in the Table 2. The 
footprints have increased because the yield rates of all the construction materials 
have decreased from 1991 to 2001. 
Table 5 Calculated Consumption Rate and Footprint of the Commodities required for 
Construction Purpose 
Commodities 
1991 2001 
Consumption 
(in quintals) 
Area 
footprint 
(in global 
hectares) 
Footprint 
per capita 
Consumption 
(in quintals) 
Area 
Footprint 
(in global 
hectares) 
Footprint 
per capita 
Cement 21159732 408.51 32.63 39568216 856.03 57.22 
Iron and steel 10099262 625.38 49.95 10206341 632.01 42.25 
Sand 5632551 87.47 6.99 6658125 122.39 8.18 
Stone Chips 299653 17.84 1.43 633928 46.98 3.14 
Bricks 11265980 120.31 9.61 16896521 212.21 14.18 
Wood and Timber 529421 10.82 0.86 70558 30.67 2.05 
Total Material  1270.33 101.47  1900.29 127.02 
 
Table 6 Ecological Footprint for Food Consumption for KMA 
Food 
Commodities 
1991 2001 
Consumption 
(in’000 
tonnes)* 
Area 
Footprint 
(in global 
hectares)** 
Footprint 
Per 
Capita** 
Consumption 
(in’000 
tonnes)* 
Area 
Footprint 
(in Global 
Hectares)** 
Footprint 
Per 
Capita** 
Cereals 11270.1 6.3 0.5 13815.2 6.0145 0.41 
Pulses 193.4 0.3 0.02 219.5 0.3254 0.02 
Fruits 1373.64 11.71 0.93 1657.08 12.72 0.86 
Vegetables 9240 12 0.94 10130.21 12.24 0.83 
Total Food 
Items 
 30.31 2.39  31.3 2.12 
Source: KMDA*, calculated by author** 
Table. 7 Ecological footprint for power consumption for KMA 
Power 
Consumption 
1991 2001 
Consumption 
(in ‘000 
KWH)* 
Area 
Footprint 
(in global 
hectares)** 
Footprint 
Per 
Capita* 
Consumption 
(in ‘000 
KWH)** 
Area 
Footprint 
(in global 
hectare* 
Footprint 
Per 
Capita** 
Thermal 4348.52 17 1.34 7543.69 29.58 2.01 
Source: CESC and WBSEB*, calculated by Author** 
 
Footprint for the food consumed by the population of KMA. The food 
consumption footprint of KMA is calculated here on the basis of four general 
categories of food item consumed like, Cereals, Pulses, Fruits and Vegetables. A 
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comparative analysis is made in between two census years i.e. 1991 and 2001 
(Table 3). A significant point in this respect is that the ecological footprint for food 
consumption decreased from 1991 to 2001; it is mainly because the yield rate of 
the food commodities considered here are greater in 2001 than in 1991. 
Footprint for the power consumed by the population of KMA. The 
power consumption by the population of KMA is thermal based. The power supply 
in the core area is mainly carried out by Calcutta Electric Supply Corporation 
(CESC); few of the fringe areas of Kolkata Metropolitan Area get its power from 
West Bengal State Electricity Board (WBSEB). On the basis of the statistics of 
CESC, the footprint of KMA in respect to power consumption is calculated and is 
shown in Table 7. Also a comparative analysis is made in respect of two census 
years 1991 and 2001. It must be noticed that the power footprint bears an 
increasing trend from 1991 to 2001, together with the rate of consumption and the 
rate of yield of power. Thus here the ecological footprint of built up area of KMA 
is calculated considering three parameters like, building materials, food and power. 
 
V.3. Filtered water supply in KMA 
Supply of portable water to the City of Kolkata was started in 1869, with 
the installation of a 27 MLD (millions liters per day) capacity and a slow sand 
filtration unit at Palta, a place 24 km away from Raj Bhavan, on the eastern bank of 
river Hoogly. The capacity of the treatment plant of Palta was augmented in stages 
and brought to 209 MLD by 1911 in order to cope with the increasing demand. In 
1936 some slower sand filtration units were also added and finally in the early 
fifties the capacity was increased to 309 MLD. The water supply from such 
augmented capacity of the Palta Treatment Plant was however restricted to Kolkata 
city proper, leaving the vast majority of population of KMA unattended and 
obliged to depend on either shallow tube wells or otherwise available unsafe water 
resource for their domestic livelihood leading to health hazard. 
In May 1959, the project “Survey of Water Supply Resources of Greater 
Kolkata” was initiated by Government of India, who was assisted by the World 
Health Organization to increase the supply of water. Finally, in the summer 1966, 
apart from Palta four different water supply plants were established with a capacity 
of 4830 MLD. This has no doubt improved the water supply situation in Kolkata 
since 1966. The Table 5 shows the individual supply capacity of each of the 
treatment plants. Later two more Water Treatment Plant was introduced; one is at 
Chandannagar serving the area of about 22.03 sq.km and population of about 
162000 inhabitants and Bansberia serving the area of about 20.07 sq.km and 
population about 189000 inhabitants (KMDA ,2005) 
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Table 8 Amount of water supply, areas, population and locations being served by the newly 
developed treatment plants  
     Source: KMDA Report, 2001 
 
 
V.4.Impact of road traffic 
Traffic Frequency in 
KMA. The growth of vehicle 
registration is an index of gauging 
the increasing road traffic.Average 
growth is more than 5%. Table 6 
shows a comparative analysis 
related to the traffic conditions of 
KMA for the year 1991 and 2001 
respectively. The maximum 
passengers prefer using buses than 
any other modes, i.e. up to 85% (fig. 
1), that is the reason for giving the 
details of the available bus services 
of KMA in Table 9.  
 
Fig. 1 Number of passsengers entering and 
leaving  per day KMA, 2001 
 
 
 
Water Treatment 
Plants 
Amount 
Supplied 
(in MLD) 
Areas being 
served  
(Sq. km) 
Population 
being served 
(in lakh) 
Locations being served 
Palta Treatment Plant 1273 197.54 45.81 
KMC, Bidhannagar, S. 
Dumdum and Dumdum 
Baranagar Kamarhati 
Treatment Plant 
774 77.54 15.40 
Baranagar, Kamarhati, 
Naihati, Khardah, Titagarh 
and N.Dumdum 
Garden Reach 
Treatment Plant 
1453 53 4.64 
Southern Part of KMC, 
Maheshtala, BudgeBudge and 
Pujali 
Serampore Treatment 
Plant 
360 40.84 6.83 
Bhadreswar, Champadani, 
Baidyabati, Serampore, 
Rishra,Konnagar,Uttarpara 
and Bally  
Howrah Treatment 
Plant 
970 62.74 11.6 HMC and Bally 
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Table 9 Traffic Conditions of KMA, focusing mainly on Bus Service(1991-2001) 
Transport Organization 
of  KMA 
Year 
No. of 
vehicles 
No. of 
routes 
Route 
length 
(in 
Km) 
Average 
no. of 
vehicle 
/day 
Total 
Km run 
in gross 
(‘000) 
Total 
Passengers 
served 
(‘000) 
Calcutta State Transport 
Corporation (CSTC) 
1991 1196 177 16506 843 52263 307641 
2001 1268 225 23809 821 61704 234271 
North Bengal State 
Transport Corporation 
(NBSTC) 
1991 870 430 134000 694 64565 727 
2001 910 440 162500 547 50301 803 
South Bengal State 
Transport Corporation 
(SBSTC) 
1991 472 144 20000 235 18406 23266 
2001 547 190 40201 328 33559 30400 
Calcutta 
Tramways 
Company 
Limited 
(CTC) 
Tram 
Service 
 
1991 319 30 71 185 6100 703 
2001 319 29 68 164 5200 596 
Bus 
Service 
1991 300 38 1146 253 19583 240 
2001 356 40 1251 351 26536 224 
Source: Transport Corporation Report, 2001 
 
Footprint for motor vehicles of KMA. Vehicular footprint is calculated 
on the basis of the frequency of all types of motor vehicles plying on the road of 
KMA; with respect to the total carrying capacity of all types of motor vehicles of 
the area of KMA. The footprint of vehicle with respect to the area of KMA and 
population of KMA is shown in Table 10. A comparative analysis is made between 
two census years of 1991 and 2001 to show the variations in vehicular footprint. 
After calculation it is found that the footprint for motor vehicles is increased in 
2001 in spite of the increase in vehicular carrying capacity, which may be  due to 
increase in the number of routes. The increasing frequency of the traffic in 2001 in 
comparison to 1991 is the main reason to increase the area footprint level but the 
vehicular footprint per capita, i.e. with respect to population is low in 2001 than in 
1991 due to the increase in population. 
 
Table 10 The footprint of vehicle (1991-2001) 
Kolkata 
Metropolitan 
Area (KMA) 
1991 2001 
Vehicular 
Traffic 
Vehicular 
Carrying 
Capacity 
Area 
Footprint 
for 
Vehicles 
Footprint 
per capita 
Vehicular 
Traffic 
Vehicular 
Carrying 
Capacity 
Area 
Footprin
t for 
Vehicles 
Footprint 
per capita 
3557655 255000 13.95 1.11 4801940 304000* 15.79 1.05 
*Note: Vehicular Carrying Capacity (2001), increased due to the increase in number of routes. Data for Vehicular 
Traffic and Vehicular Carrying Capacity are obtained from KMDA report, 2001. 
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Footprint for Vehicular Fuel Consumption of KMA. The fuel 
consumption also increases with respect to increase in traffic, which increase the 
footprint count (Table 11). A comparative analysis is shown between the year 1991 
and 2001, in the context assessing the level of fuel footprint for motor vehicles. It 
is found that the footprint is decreasing in 2001 from 1991 as the consumption rate 
of Petrol in vehicles is decreasing and the consumers are diverting to use Diesels 
and Liquid Petroleum Gas (LPG).  
 
Table 11  Footprint of Petrol Consumption by Motor Vehicles of KMA (1991-2001) 
Kolkata 
Metropolita
n Area 
(KMA) 
1991 2001 
Fuel 
Consumptio
n (Petrol in 
‘000 liters)* 
Area  
Footprint 
(in global 
hectares)*
* 
Footprin
t per 
capita** 
Fuel 
Consumptio
n (Petrol in 
‘000 liters)* 
Area  
Footprint 
(in global 
hectares)*
* 
Footprin
t per 
capita** 
3695 3.7 0.3 2935 3.5 0.24 
Source *KMDA ,2001, ** Calculated by author 
 
The status of roads in KMA and footprint for road maintenance. In 
order to support the huge vehicular flow regular maintenance of road is very 
essential (Table 12). It is found that the maintenance of the surfaced road is 
increasing and it outnumbers the un-surfaced road to a huge proportion. 
Table 12  Status of road in KMA 
Year Surfaced road * (in km) 
Unsurfaced road ** (in 
km) 
Total 
1980 4831 213 5044 
1990 4894 58 4952 
2000 4997 49 5046 
 
Source: Public Works (Road) Department, Govt. of West Bengal 
Footprint for road maintenance. The materials required for maintaining 
roads are Coal, Cement and Stone chips; the footprint accounting is done on the 
basis of the material requirements for construction. The comparative analysis for 
the year 1991 and 2001 are shown in the Table 13. It is found that the footprint for 
material consumption increased greatly in 2001 with respect to 1991. The reason 
behind this aspect is mainly due to the increasing number of routes, especially the 
surfaced road to accommodate huge traffic load. 
Future glimpse towards the increasing travel demand. The growth rate 
of traffic was 3.7% during 1984-85 to 1992-93; it increased for about 4.93% in 
1996-97 to 1999-2000. The growth rate is likely to increase by 5 to 8% within the 
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span of 2011 to 2025. The estimated numbers of increasing traffic of future are 
shown below in the table 14. 
Table 13 Footprint for Road Maintenance in KMA 
K
o
lk
at
a 
M
et
ro
p
o
li
ta
n
 A
re
a 
(K
M
A
) 
Material 
Required 
1991 2001 
Consumption 
(Quintals) 
Area 
Footprint 
(global 
hectares) 
Footprint 
per capita 
Consumpt
ion 
(Quintals) 
Area 
Footprint 
(global 
hectares) 
Footprint 
per 
capita 
Coal and 
Coal Tar 
6807104 284.02 22.69 
10428536
6 
359.92 24.06 
Cement 20490490 395.6 31.59 37540006 812.15 54.92 
Stone 
Chips 
9175552 548.42 43.64 9560561 708.56 47.36 
Total  1228.04 97.92  1880.63 126.34 
 
 
Table 14 Projected increasing traffic (2011-2025) 
Transport Mode 2011 2015 2025 
Motorized Vehicles   (‘100.000) 16.62 25.86 30.18 
Freight traffic              
(in million 
tonnes) 
By Road 92.81 103.07 123 
By Railways 19.9 28.82 33.71 
By River 12 13 13 
Source: KMDA report, 2001 
 
V.5. Comparison between biocapacity and footprint 
The biological capacity is defined as the capacity of ecosystem to produce 
useful biological materials and to absorb waste materials generated by humans 
using current management schemes and extraction technologies. The biocapacity of 
the area is calculated by multiplying the yield of any particular parameter with 
yield factors essentially required for that parameter and then dividing the answer 
with the actual physical area. 
Biocapacity and footprint: comparison for shelter and power. The only 
two parameters considered for shelter are building materials required to construct 
houses and the power supply. The biocapacity for individual materials is calculated 
and then the total is obtained by summing up all the individual bio capacity. This 
bio capacity is compared with the total area footprint for the same. In the cases 
shown in fig. 2 and 3, it is found that the rate of consumption footprint is exceeding 
the biocapacity creating severe threat for future generation. The footprints for 
house are increasing at a rapid pace because presently people love living in 
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nucleated families rather than joint families. This increases housing need per 
person within the family. As a result the consumption rate of power, food and 
water per family also increases due to lack of sharing, thus creating pressure on the 
resources of area. 
 
 
Fig. 2 Comparison between footprint and 
biocapacity for building material for houses 
 
Fig. 3 Comparison between biocapacity and 
footprint for power consumption 
 
Biocapacity and footprint: comparison for food. The biocapacity is 
calculated for the food commodity and found that disparity is present here also, is 
shown in fig.4. In order to minimize the level of disparity wastage must be 
reduced, excessive dependency on fertilizers must be reduced therefore preference 
must be diverted towards using the indigenous varieties of seeds which are hardy 
enough to adjust with environmental hazards. Wastage of water must be checked 
by using covered tanks and taps. If all this is possible then bio capacity would 
increase to meet and support the increasing demand.  
Biocapacity and footprint comparison for water. The scenario of water 
is very severe, the city stated suffering acutely due to water shortage. The footprint 
exceeds the capacity beyond the manageable limit. It is mainly due to the removal 
of water bodies like small ditches, ponds and marshy ditches for the construction of 
houses in the past and the present, without considering the present and the future 
consequences. The Fig. 5 will show the consumption footprint of water in respect 
to the bio capacity. The city in spite of locating near the River Hooghly is suffering 
because of mismanagement and planning. A long period of sewage and industrial 
waste water disposal in the river, pollute the river to such an extent that today it 
cannot provide the life supporting water for drinking without proper filtration and 
regular distillation. 
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Fig. 4 Comparison between bio capacity and 
ecological footprint for food 
Fig. 5 Comparison between biocapacity 
and footprint for water 
 
Finally, the comparison between the 
biocapacity and footprint is made by 
taking all the parameters of 
consumption of KMA (fig. 6) It 
depicts that the footprint count for 
consumption is increasing with 
respect to the bio capacity of KMA 
between 1991 and 2001, therefore 
immediately the steps mentioned 
earlier must be taken to reduce the 
footprint count and to make the city 
sustainable. 
 
 Fig. 16 Comparison between footprint and 
biocapacity of KMA (all parameters) 
 
VI. CONCLUSION 
The study reveals that area foot print of Kolkata Metropolitan Area has 
increased between 1991 and 2001 but the bio capacity has declined clearly 
indicating the pressure that the population is creating on the resources of the area. 
So some measures have to be taken to reduce the area foot print of KMA.  In case 
of shelter, materials with low embodied energy, materials that contain recycled 
content or are recyclable should be used to reduce the footprint as for example 
recycled plastic or post-industrial waste can be used as excellent insulating 
materials for flooring and roofing, municipal solid waste can be used as a building 
material. Similarly in the case of power more renewable sources of energy should 
be used like solar thermal for water heating, Solar Photo Voltaic for electricity 
which will reduce our dependency on fossil fuels, reduce the emission of green 
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house gases and thus the threat of global warming and finally would provide us a 
pollution and emission free healthy environment.  Similarly the foot print on 
vehicles can be reduced by more use of mass transport system instead of individual 
private cars, introduction of car pool system for daily commuters which would help 
in reduction of carbon emission etc.Pure drinking water will soon become very 
scarce in KMA, so the authorities should make it mandatory for all high rise 
buildings to install rain water harvesting system. Steps should also be taken to 
restore nature’s hydrological cycle, recharging of ground water and underground 
aquifers and prevent ground water contamination and pollution. The KMA will 
continue to grow   so adequate measures should be taken for containing the 
population of this area, by creating other nodes, so that this metropolitan area can 
be saved from complete deterioration of environment. 
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